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 Table 1 
. Data sources on child deaths in South Africa

System Description
Type of data
Advantages Limitations
United Nations (UN) Interagency Group on Child Mortality Estimation [6] Estimates are based on all available nationally representative population-based primary data on child deaths which are adjusted using standard methods.
A statistical model is then applied to provide a smooth trend curve that averages over disparate estimates from the different data sources for a country, and extrapolates the model to a target year. [10] Number of deaths Mortality rates Estimates include all under-5 deaths Provides data on an annual basis with a lag period of ~9 months. Depends on accuracy of primary data, as well as adjustments. For example, VR data adjusted for incompleteness of reporting are used. However, levels of completeness in children are uncertain. [11] Provides only national estimates (not disaggregated to sub-national level).
Rapid Mortality Surveillance (RMS) [8] The RMS system aims to provide data based on death notification in a more timely manner than the routine reports provided by StatsSA. The number of under-5 and infant deaths is derived from the number of children (under-5) who are removed from the National Population Register by the Department of Home Affairs, following notification of the death. These deaths are corrected for under-reporting of both births and deaths. The number of neonatal deaths is based on data from the DHIS (adjusted for under-reporting).
Mid-year population estimates with an age distribution and size consistent with those of the 2001 and 2011 censuses are used to calculate mortality rates. [12] Mortality rates Estimates include all under-5 deaths.
Provides data on an annual basis with a lag period of 1 year. Provides only national estimates (not disaggregated to sub-national level).
Data are adjusted based on an estimation of completeness of death notification. However, the levels of completeness for children are uncertain. [11] Demographic and Health Survey (DHS) [13] National household survey to identify demographic characteristics and define key health indicators. Should ideally be conducted every five years. Conducted in SA in 1998, 2003 and 2016.
Mortality rates
Methods are rigorous and standardised:
this facilitates identification of trends and comparison with DHS data from other countries. Nationally representative. Provides information on the context of health and ill-health in terms of the socio-economic conditions. Information on all deaths is collected, irrespective of whether these deaths occurred within the health system, or were officially reported. Difficult and costly to conduct: as a result are only conducted on an intermittent basis.
Data on under-5 mortality covers the preceding five years, and are not comparable with annual figures. Does not provide accurate estimates of child mortality at provincial and district levels. Data on neonatal mortality probably includes stillbirths; thus neonatal mortality appears artificially high [14, 15] continued...
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1 000 live births) before declining steadily to 40.5 per 1 000 live births in 2015. The RMS figures suggest a more rapid decline from 2008 to 2010, followed by a much slower decline to 37 per 1 000 live births in 2015. UN data estimate that the total number of under-5 deaths fell from 63 994 in 1990 to 41 930 in 2015. [19] The infant mortality rate followed a similar pattern as the under-5 mortality rate, with the UN reporting an infant mortality rate of 33.6 per 1 000 live births in 2015, while the RMS reported a figure of 27 per 1 000 live births. The 2016 SADHS reported an under-5 mortality rate of 42 per 1 000 and an infant mortality rate of 35 per 1 000 in the 5 years preceding the survey. [13] While newborn deaths are discussed in more detail elsewhere in this special issue, [20] the contribution of neonatal mortality to the overall under-5 mortality should be noted. A number of sources, i.e. UN estimates, RMS and DHIS reported neonatal mortality rates of ~11 -12 per 1 000 live births in 2015. In contrast, the 2016 SADHS reported a neonatal mortality rate of 21 per 1 000. UN estimates and RMS data suggest that the proportion of under-5 deaths that occur in the neonatal period has increased in the past decade: UN estimates show an increase from 18% in 2005 to 27% in 2015 and RMS estimates suggest a similar pattern. In contrast, SADHS data suggest that newborn deaths accounted for 50% of under-5 deaths. [13] This figure is more closely aligned with the global estimate that 45% of under-5 deaths occur during the newborn period, [21] but may be artificially high owing to misclassification of stillbirths as neonatal death, which has been shown to occur during such surveys in other countries. [14, 15] 
Total number of under-5 deaths
The number of under-5 deaths reported through the VR system decreased from 37 908 in 2011 to 31 938 in 2015, with a consistent annual decrease in the deaths ( Table 2 ). It should be noted that the VR database is released on an annual basis; the number of deaths in recent years may therefore Table 1 
. (continued) Data sources on child deaths in South Africa
System
Description
Type of data
Advantages Limitations
Population census [16] All households are asked about child deaths in the 12 months preceding the census. The last census was conducted between 9th and 31st October 2011. Accurate estimations of the degree of completeness of reporting of child deaths are not available. [11] Data for reported deaths may be incomplete. Delay of ~2 years before data are published.
Number of deaths
District Health Information
System (DHIS) [18] All under-5 deaths occurring within the public health system are reported as part of the routine health information and management system. 
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increase slightly as the database is updated to include deaths that were recently registered. Similar downward trends in the number of deaths were evident at sub-national (provincial) level, although some inconsistencies are apparent. The number of deaths reported in the Free State and Gauteng declined consistently year-on-year over the 5-year period. However, in the other provinces, although the overall trend was downwards, there were interim increases. Limpopo was the only province in which more deaths were reported in 2015 than in 2011, although there has been a steady decline from 2012 -2015.
As noted in Table 1 , not all deaths are captured in the VR system, and there is uncertainty regarding the degree of completeness of reporting for young children. Data on under-5 deaths collected through the 2011 census are shown in Table 3 . More deaths were reported through the census than through VR for 2011; this is presumed to reflect incomplete VR, although the census may also have over-reported deaths ( Table 1 ). The 54 250 child deaths reported in the 2011 census was lower than the UN estimate of 60 356 for 2011 (range 50 256 -72 132). [19] The ratio of the difference between the two sources of death numbers ranged from 0.7 (in the Western Cape, which was an exception with more deaths notified in the VR system than were reported in the census) to 2.1 in the Eastern Cape (with more than twice as many deaths in the census compared with the deaths that were notified in the VR system). There were also large differences in KwaZulu-Natal and Mpumalanga, which, like the Eastern Cape, have large underserved rural populations where incomplete VR would be expected. [11, 23] 
Deaths inside and outside of the health system
Just over half (50.9%) of all under-5 deaths in the VR system were reported to have occurred within health facilities in 2015 ( Table 4 ). The lowest proportion was reported in the Eastern Cape (43.5%) and the highest proportion in the Northern Cape (67.7%).
The number of VR deaths occurring in health facilities includes deaths that occur in both public and private health facilities. Therefore, the number of these deaths would be expected to be higher than the number of deaths reported through the DHIS, which collects data from public health facilities only. However, in 2015, there were 2 963 (18%) more in-facility deaths reported through the DHIS than through VR (Table 4 ). This ranged from 28% fewer deaths in the DHIS in the North West to 126% more deaths in the DHIS in the Eastern Cape.
Age distribution of under-5 deaths
The number and proportion of deaths by age category in 2015 as reported through the VR system and the DHIS are shown in Tables 5 and 6, respectively.
The VR data show that a third of the reported deaths (33.4%) occurred in the neonatal period and three-quarters (75.8%) in the first year of life. The Western Cape reported the highest proportion of deaths in the neonatal period (40.1%) and the first year of life (82.3%), while the Eastern Cape reported the lowest proportion of deaths in the neonatal period (20.1%) and the highest proportion in the latter two age categories (47.8% and 32.2%, respectively).
The DHIS data show that 11 979 deaths took place in the neonatal period (first 28 days of life). This was 12% more than the deaths notified through the VR system, and 37% more than the number of deaths that were recorded as having occurred in healthcare facilities Fig. 1 . Child mortality rates in South Africa between 1990 and 2015 based on different sources. [8, 13, 19, 21] (MR = mortality rate; SADHS = South African Demographic and Health Survey; UN = United Nations; RMS = Rapid Mortality Surveillance, IMR = infant mortality rate; NMR = neonatal mortality rate.) RESEARCH through the VR system ( Table 7) . As noted above, under-reporting through the VR system is known to occur in rural areas [11, 23] and so it is not unexpected that the difference was highest in provinces with large rural populations (Eastern Cape, Limpopo and KwaZulu-Natal). Furthermore, 5 673 deaths in infants between 29 days and one year of age were reported as having occurred in healthcare facilities through the VR system (Table 7) , while only 3 018 deaths among children in this age category were reported through the DHIS (Table 6 ). This pattern was consistent across all provinces.
Cause of death
UN and VR cause-of-death data for 2015 are shown in Figs 2 and 3, respectively. It should be noted that the underlying cause, i.e. the disease that precipitated the change of events that resulted in the death, is used when reporting on the cause of a death. HIV infection is considered to be the cause of death in all cases where this is noted on the death certificate (e.g. as a contributory cause). In contrast, malnutrition is only coded as the cause of death if this is listed as the underlying cause of death on the death certificate. 
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The proportional contribution of the leading causes of death in under-5s for the period 2011 -2015 is shown in Table 8 . There has been an increase in the proportion of deaths owing to neonatal disorders, congenital abnormalities, malnutrition and non-natural deaths (Table  8) . At the same time there has been a decline in the proportion of deaths attributed to diarrhoea (gastroenteritis) and tuberculosis, and minimal or no change in the proportion of deaths owing to pneumonia and HIV, or where the cause of death is ill-defined (Table 8 ).
Discussion
The number of under-5 deaths, as well as under-5 mortality rates in SA, have declined in the past decade. Under-5 mortality is estimated at 37 -40 deaths per 1 000 live births for 2015 with an infant mortality rate estimated at 27 -33 deaths per 1 000 live births. Neonatal mortality accounts for approximately one-third of all under-5 deaths. UN and VR figures both suggest that, outside of the newborn period, pneumonia, diarrhoea and non-natural deaths are the leading causes of death. Declines in the number of deaths and case fatality rates associated with diarrhoea, pneumonia and severe acute malnutrition have contributed substantially to the decline in under-5 mortality. These are discussed in another article in this supplement. [24] It should be noted that VR data underestimate the contribution of HIV infection and malnutrition to under-5 mortality, albeit for different reasons. HIV infection is considered to be the cause of death in all cases were this is noted on the death certificate (e.g. as a contributory cause), and low rates of HIV infection reflect reluctance to record a diagnosis of HIV infection on the death notification form. [25] The UN estimates that 8.7% of deaths were due to HIV in 2015 is likely to be more accurate, although it remains below the figure of 19% estimated in the Second Burden of Disease study for 2012. [26] Fig. 2 . Cause of under-5 deaths based on 2015 United Nations estimates. [19] Neonatal conditions 19 In contrast, malnutrition is only recorded as the cause of death if this is recorded as the underlying cause (and not the immediate or contributory cause) of death. Malnutrition, however, remains an important contributory cause of death as shown by data from child mortality audits which show that almost a third (30.9%) of children who die are severely malnourished. [27] As expected, as deaths from diarrhoea, pneumonia and SAM decline, deaths from other causes become more prominent. [28] These include deaths during the newborn period, deaths due to non-natural causes as well as deaths associated with congenital abnormalities and non-communicable diseases. Further reductions in child mortality will require ongoing efforts to reduce deaths from traditional causes, as well as a scale-up of interventions aimed at reducing deaths from these emerging causes. Non-natural deaths are particularly challenging, given that most of the interventions required to reduce them lie outside of the health sector.
The high proportion of VR deaths from ill-defined causes reflect both poor completion of death notification forms by health professionals, as well as the fact that death reporting forms (which are completed by community leaders) do not capture cause-of-death information.
A high proportion of child deaths occur outside of healthcare facilities. Just over half (50.9%) of the deaths reported through VR occurred outside of the healthcare system, while the DHIS was able to account for ~19 000 out of an estimated 40 000 under-5 deaths [19] in 2015. While violence and injury (occurring at home or in the community) account for some of these deaths, a number of recent studies suggest that the majority of caregivers of sick children recognise the need for medical care for their ill child, and seek appropriate care from a variety of providers including the public health sector; however, they are either discouraged by inadequate communication and care or do not have sufficient resources to allow follow-up visits when their child's condition deteriorates or fails to improve. [29] Better VR data is important as it allows for counting of all deaths (irrespective of where they occurred) and thus has the potential to provide accurate disaggregated data that are required for monitoring health outcomes and health service delivery at local levels. The VR system should provide these data at sub-national and local level. Although under-5 mortality rates can be calculated using the number of registered births and VR deaths, incomplete reporting means that these figures are not sufficiently robust to allow for useful comparison at provincial and sub-national levels.
Recommendations for improving the availability of more accurate data include: • Improvement in the quality of information on death certificates, especially regarding cause-of-death data. Improved training, better linkages to mortality audit processes and routine review of the accuracy and completeness of death notification forms by senior clinicians are all likely to contribute positively to this measure. • Improved completeness of the VR. This requires two complementary strategies. The first relates to ensuring that death notification forms reach the Department of Home Affairs (and are then captured into the VR system). Most public-sector hospitals have Home Affairs offices; these offices currently focus primarily on birth registration but have the potential to play an important role in improving the completeness of VR. The second strategy relates to ensuring that all deaths that occur outside of healthcare facilities are reported. Both strategies would require closer collaboration between health facilities, the Department of Home Affairs and StatsSA at local, provincial and national levels. • Better triangulation of data from various sources at all levels i.e. national, provincial and district levels. District Clinical Specialist Teams will soon be required to complete a Quarterly Death Report, which will triangulate data on maternal, newborn and under-5 deaths from various sources. This will provide a mechanism for ensuring that DHIS data, mortality audit data and data from death notification forms are reconciled and triangulated. Particular attention should be placed on ensuring concordance between the number and age disaggregation of in-facility deaths reported through the DHIS and the VR system. • Collaboration with StatsSA to ensure that censuses and other surveys collect relevant and accurate data on child deaths, and that these are triangulated with routine data sources.
Where available, data on child deaths from other sources such as surveillance sites, mortuary data and registries of children with chronic diseases should be integrated with routine data systems. Attention should be paid to identifying good practices with a view to ensuring that there is scale-up of these practices. More research and/or investigation is required to explain and address the discrepancies in the number of newborn deaths reported through the different systems. There is also a need to better understand the extent of unreported community deaths.
Conclusion
Under-5 mortality rates in South Africa have fallen substantially in the past decade, and the SDG target of an under-5 mortality rate of less than 25 per 1 000 live births by 2030 is achievable. However, this will require ongoing declines in deaths from diarrhoea, pneumonia and HIV, as well as declines in deaths during the newborn period, and from emerging prominent causes of death (violence and injury, congenital disorders and non-communicable disorders). More attention will also need to be paid to understanding and addressing the high number of child deaths which occur outside of the healthcare system. The country is not yet able to rely on VR data to generate under-5 mortality rates (without adjustment). While UN and RMS estimates allow us to track under-5 mortality at a national level, the accuracy and completeness of existing information systems, especially the VR system, will need to be improved to ensure that accurate data are available at provincial and district levels.
